The same theory of semiclassical gravity that predicts Starobinsky inflation (de Sitter-like solutions driven only by higher-order curvature terms) also predicts flat space to be unstable to small perturbations. %hen semiclassical gravity is modified in a way suggested by and consistent with the perturbative nature of its derivation, flat space is predicted to be stable, in accord with observation, but Starobinsky inflation is no longer a solution. The modified semiclassical theory, constrained to only solutions perturbatively expandable in fi, has the same dynamical degrees of freedom as the clasical gravitational field, despite the presence of fourth-order derivatives in the field equations. There are no de Sitter or de Sitter-like self-consistent solutions except in the presence of a cosmological constant, so inflation generated purely by curvature is not predicted. Furthermore, linearized gravitational perturbations in a de Sitter background (with a cosmological constant) show no signs of instability from quantum effects.
I. INTRODUCTION
Quantum corrections to general relativity are expected to be important at early times in the evolution of the Universe. Semiclassical approxixnations to these corrections can be calculated by techniques developed over the last two decades. The form of these semiclassical corrections is now well known for many spacetimes [l] , e. g., for conformally flat spacetimes in four dimensions, for which the corrections to Einstein's equation are proportional to curvature-squared terms [ given below by Eqs. (2) - (6)].
One of the most interesting predictions of semiclassical gravity is Starobinsky inflation [2] , a class of de Sitter and de Sitter-like solutions to the semiclassical field equations. In Starobinsky inflation higher-order curvature terms can remain nearly constant, thus mimicking the effects of a nearly constant, nonzero scalar field. This might allow an inflationary epoch without requiring additional matter fields.
Unfortunately, the same semiclassical theory that predicts Starobinsky inflation suffers from severe problems.
Perhaps the worst of these problems is the instability of flat space. The same higher-order curvature terms that would drive Starobinsky inflation also predict that flat space is unstable in a number of ways, including the production of Planck-energy y rays, Planck-scale tidal forces, tachyonic propagation of gravitational particles, and violation of the positive-energy theorem [3, 4] .
It was shown in earlier work [5] [5] .
In this work, the predictions of the constrained semiclassical theory (i.e. , the theory constrained to include only physical solutions) are applied to homogeneous, isotropic solutions in the presence of a cosmological con- If the theory described by Einstein gravity plus higher-order curvature terms is not considered as a serniclassical theory, but as a fundamental theory (i.e. , the higher-order curvature terms are taken to be purely classical, not arising from quantum corrections), then the theory cannot legitimately be modified in this way. By definition, all solutions to the field equations would be physical, including Starobinsky inflation. By the same token, however, flat space would then suffer from the same instabilities described above, clearly conflicting with our everyday experience [6] . 45 1953 1992 The American Physical Society [7] : (I) covariant conservation; (2) causality; (3) (1) as R"", 'Rg", +Ag", -+-Q", =~( T", ), where 0, " is conserved and purely local; i.e. , it is constructed purely from the metric, the curvature, and (a finite number of) its covariant derivatives.
Only terms in 0" that are first order in A will be con- A", =a'"H",+P' 'H"+y' 'H", +O(fi ) . (6) Values of a, P, and y are predicted by specific matter couplings and regularization schemes, but we wi11 treat them as free parameters. They are all proportional to A. We are particularly interested in self-consistent solutions of isotropic, homogeneous spacetimes. In these spacetirnes, we can find a state for which there are initially no particles, and which has no particle creation or nonlocal vacuum polarization. For this state, R", , Rg""+Ag-""+Q", , =0+0(A'') . (7) Because of the higher-order derivatives in "'H"and ' 'H", and because ' 'H" is quadratic in second-order derivatives, there appear to be more solutions to (7) [2] .
We can see from (10) that for smaller y (i.e. , smaller fi, in regimes where quantum effects should be less important), the rate of expansion is larger. In fact, when the field equations (9) [10] , but not in the case of unconstrained semiclassical gravity [3] .
III. HIGHER-DERIVATIUE EXPANSIONS
f(c) -a, -ca, -c'a, -c~a"=o(-c"+') . (12) In general f and the a"are functions of more variables than just c.. Asymptotic power series may be added, subtracted, and multiplied freely. Division is only permitted when the a0 of the denominator is nonzero. In algebraic language, the system is a commutative ring with zero divisors (expressions with a0=0), where the role of the zero element is played by 0(c +') [12] . Note 
The formalism of asymptotic expansions is mathematically well established [11] . We will present a brief overview of some of the more important concepts.
The "is of order" symbol, "=0( ), " is defined as fol- Ef (q, . . . , q' " ";E)=O(E"+') (15) and there are no others (from the invertibility of () Vt/Bq'"()qII) ). Secondary constraints are given by time differentiating (15 
'a ='a;((a, a )+))fa'((a, a ),
ii=ii, ((a, a }+A'a) (a, a ) .
Since proof of Jaen [15] ). We begin by solving (9) for all solutions that are perturbatively expandable in A. The method used is essentially the same as used in the higher-derivative harmonic-oscillator system above. The first step is to multiply (9) by A (recall that a, f3, and y are all proportional to A'):
In a similar way, it is straightforward to analyze the case of linearized semiclassical gravity near flat space. This was done explicitly in a previous paper [5] 
The corrections proportional to a and j3 both vanish [16] . (39) where N is the lapse function and the gauge N =1 is chosen to recover the metric of (8) . This is almost in the form of (13) , on which the proof of Jaen, Llosa, and Molina [12] is based, with the diff'erences that the mass term is not constant and that there is a nondynamical variable N, giving a first-order (gauge) constraint. A slightly generalized theorem that does apply to (39) is straightforwardly proven by the same method (for all times such that a, which acts as a nonconstant mass term, does not vanish [17] ). This guarantees that all perturbatively expandable solutions to (9) are solutions to (36).
Next we examine the case of linearized gravity.
Linearized gravitational fluctuations h"=g"-g",
where g"' ' is the de Sitter background metric, obey the classical field equations
(with no gauge fixing), where all derivative operators are covariant with respect to the background metric [18] . 
-( -', a+ -, 'P+ -, 'y}A g"h+( -, 'a+ 4P+ -, 'y}A h""+(2a+-, 'P)g",OV H -(2a+P)V&V"V +POV("H") -(2a+ -, 'P --, 'y)Ag""V H +(8a+ -', P --', y)AV("H, ), (41} where H, = V"(h" --, '5"") vanishes identically in harmonic gauge, and all sums over Greek indices are performed with respect to the background metric given by (8) 
